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(54) Method lor VIA etching in organo-silica-glass 



(57) According to one embodiment of the invention, 
a method for via etching in a dielectric material includes 
providing a wafer (200) having a substrate (202), an etch 
stop layer (210) disposed outwardly from the substrate, 
an Organo-Silica-Glass layer (212) disposed outwardly 
from the etch stop layer (210), and a photoresist layer 
(21 6) disposed outwardly from the Organo-Silica-Glass 
layer (212), and positioning the wafer (200) within a 
process chamber (114). The method further includes in- 



troducing a first source gas mixture (110) into the proc- 
ess chamber (1 1 4) to etch a first portion of the Organo- 
Silica-Glass layer (21 2) utilizing the first source gas mix- 
ture (110), and introducing a second source gas mixture 
(1 1 0) into the process chamber (1 1 4) to etch, for a pre- 
determined time period, a second portion of the Organo- 
Silica-Glass layer (212) down to the etch stop layer 
(210). The second source gas mixture (110) includes a 
fluorocarbon, a noble gas, carbon monoxide, and nitro- 
gen. I 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to the field of s 
semiconductor devices and, more specifically, to a 
method for via etching in Organo-Silica-Glass ("OSG"). 

BACKGROUND OF THE INVENTION 

10 

[0002] Electronic equipment, such as televisions, tel- 
ephones, radios, and computers, are often constructed 
using semiconductor components, such as integrated 
circuits and microprocessors. In an effort to ramp micro- 
processor speed semiconductor component manufac- is 
turers have become increasingly concerned with the RC 
time delay of interconnects. Some of the most publicized 
changes involve changes from aluminum to copper in- 
terconnects, but this alone does not meet speed require- 
ments. A more effective approach is to simultaneously 20 
reduce line resistance and line capacitance. This is ac- 
complished through the introduction of low-k dielectric 
materials (i.e., dielectric materials having a low dielec- 
tric constant and a high resistance) to take the place of 
high-k silica dielectrics. In addition, the associated etch 25 
stop and barrier layers, used to both protect the copper 
from exposure during processing and to provide an etch 
stop layer for the via etches, may also be switched from 
high dielectric to low dielectric materials. For example, 
the industry has been moving from silicon nitride etch 30 
stop layers to silicon carbide etch stop layers. 
[0003] Because of the recent use of these low-k die- 
lectric materials, the etching of the vias must be per- 
formed with great care. Accordingly, the etch stop layer 
may be etched all the way down to the u nderlying copper 35 
layer before the etch process is finished. This may result 
in some of the copper diffusing into the low-k dielectric 
layer leading to shorts in the interconnect layers, which 
may be devastating to the microprocessor. 

40 

SUMMARY OF THE INVENTION 

[0004] According to one embodiment of the invention, 
a method for via etching in a dielectric material includes 
providing a wafer having a substrate, an etch stop layer *s 
disposed outwardly from the substrate, an Organo-Sili- 
ca-Glass layer disposed outwardly from the etch stop 
layer, and a photoresist layer disposed outwardly from 
the Organo-Silica-Glass layer, and positioning the wafer 
within a process chamber. The method further includes so 
introducing a first source gas mixture into the process 
chamber to etch a first portion of the Organo-Silica- 
Glass layer utilizing the first source gas mixture, and in- 
troducing a second source gas mixture into the process 
chamber to etch, for a predetermined time period, a sec- ss 
ond portion of the Organo-Silica-Glass layer down to the 
etch stop layer. The second source gas mixture includes 
a fluorocarbon, a noble gas, carbon monoxide, and ni- 

w 



trogen. 

[0005] Embodiments of the invention provide a 
number of technical advantages. Embodiments of the 
invention may include all, some, or none of these ad- 
vantages. By using certain combinations of reactive 
gases in a plasma etching process, a very high selec- 
tivity over the etch stop layer may be obtained, while still 
maintaining a high etch rate and proper via profile for- 
mation. This high selectivity guarantees a higher clear- 
ing of all vias, as well as substantially reducing the risk 
of copper diffusion into an OSG layer. Thinner etch stop 
layers may also be obtained, which helps to reduce line 
resistance and line capacitance, thereby decreasing the 
RC time delay of interconnects. 
[0006] Other technical advantages are readily appar- 
ent to one skilled in the art from the following figures, 
descriptions, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] For a more complete understanding of the in- 
vention, and for further features and advantages, refer- 
ence is now made to the following description, taken in 
conjunction with the accompanying drawings, in which: 

FIGURE 1 is a schematic diagram of a plasma etch- 
ing system used to etch one or more wafers in ac- 
cordance with one embodiment of the present in- 
vention; 

FIGURES 2A through 2D are partial elevation views 
of a wafer illustrating a method for via etching in an 
Organo-Silica-Glass layer according to one embod- 
iment of the present invention; and 
FIGURE 3 is a partial elevation view of the wafer of 
FIGURES 2A through 2D illustrating two copper lay- 
ers interconnected with a copper plug. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS OF THE INVENTION 

[0008] Example embodiments of the present inven- 
tion and their advantages are best understood by refer- 
ring now to FIGURES 1 through 3 of the drawings, in 
which like numerals refer to like parts. 
[0009] FIGURE 1 is a schematic diagram of a plasma 
etching system 100 used to etch one or more wafers 
200 in accordance with one embodiment of the present 
invention. Plasma etching system 100 may include a 
source gas supply system 102, a reactor system 104, 
and a gas exhaust system 106. Generally, source gas 
supply system 1 02 operates to supply a source gas mix- 
ture 11 0 to reactor system 1 04, reactor system 1 04 uti- 
lizes source gas mixture 110 to form a reactive plasma 
1 08 that is used to etch wafer 200, and gas exhaust sys- 
tem 1 06 removes an exhaust gas 112. The chemistry of 
source gas mixture 1 1 0 may be varied to selectively etch 
the various materials comprising wafer 200. The com- 
position of exhaust gas 11 2 is indicative of the materials 
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being etched or indicative of when source gas mixture 
110 has reached steady state condition. A control sys- 
tem (not explicitly shown) may control the operation of 
each component in plasma etching system 100 to etch 
wafer 200 in a desired manner. Plasma etching system 5 
1 00 may comprise other suitable components and sys- 
tems without departing from the scope of the present 
invention. 

[0010] Source gas supply system 102 includes indi- 
vidual source gases, such as oxygen, nitrogen, fluoro- 
carbon, carbon monoxide, argon, xenon, and other suit- 
able gases. A source gas controller in source gas supply 
system 102 receives the individual source gases and 
mixes the gases to form source gas mixture 110 that is 
supplied to reactor system 1 04. Source gas mixture 1 1 0 
has an associated chemistry that is determined by the 
individual source gases and their quantity used in 
source gas mixture 110. As discussed in greater detail 
below, the chemistry of source gas mixture 110 deter- 
mines the selectivity of reactive plasma 1 08 to various 
materials. Source gas supply system 1 02 may comprise 
other suitable devices and systems without departing 
from the scope of the present invention. 
[0011] Reactor system 104 includes a plasma cham- 
ber 1 1 4 that includes an upper electrode 1 1 6, a rotatable 
base 118, and a lower electrode 120 coupled to base 
118. A power supply system 122 is coupled to upper 
electrode 116 and lower electrode 120. Wafer 200, to 
be etched, may be generally rotated by base 1 1 8 during 
the etching process. Electrodes 116 and 120, when 
turned on, operate to ionize source gas mixture 110 
flowing through plasma chamber 114 and ignite source 
gas mixture 110 to form reactive plasma 108. Reactor 
system 1 04 may comprise other suitable devices or sys- 
tems without departing from the scope of the present 
invention. 

[0012] Gas exhaust system 106 may comprise such 
devices as an endpoint detector and a pumping system. 
The pumping system operates to maintain the pressure 
within plasma chamber 1 1 4 at acceptable vacuum pres- 
sures. The endpoint detector operates to determine the 
composition of exhaust gas 112. The endpoint detector 
may sense which materials within wafer 200 are being 
consumed during the etching process. Gas exhaust sys- 
tem 106 may comprise other suitable devices or sys- 
tems without departing from the scope of the present 
invention. 

[001 3] In the general operation of plasma etching sys- 
tem 100, wafer 200 is positioned in plasma chamber 
114. Plasma chamber 114 is then vacuum sealed and 
plasma etching system 100 is engaged. A control sys- 
tem turns on a pumping system in gas exhaust system 
1 06 and source gas supply system 1 02. Source gas mix- 
ture 1 1 0 may initially flow only a purge gas for a specified 
time to purge plasma chamber 114. After purging plas- 
ma chamber 114, source gas mixture 11 0 is then varied 
to a predetermined etching chemistry. When the proper 
etching chemistry has stabilized, power supply system 



122 is turned on. Power supply system 122 provides RF 
power to electrodes 116 and 120 such that source gas 
mixture 110 is ionized and ignited to form reactive plas- 
ma 108. Reactive plasma 108 is directed at wafer 200. 
Reactive plasma 108 anisotropically etches the ex- 
posed surfaces of wafer 200. When reactive plasma 1 08 
has etched through the applicable materials and starts 
etching through another material an endpoint detector 
in gas exhaust system 1 06 senses the change in mate- 
rial being etched. Depending upon the etching process- 
es to be performed, a control system could turn off pow- 
er supply system 122 in response to the change in ma- 
terial being etched, or the control system may vary the 
chemistry of source gas mixture 110 and thereby vary 
the composition of reactive plasma 1 08 to anisotropical- 
ly etch through a new material. 

[0014] According to the teachings of the present in- 
vention, source gas mixture 110 includes one or more 
predetermined chemistries for etching vias in Organo- 
Silica-Glass ("OSG"), such that a high selectivity is ob- 
tained while maintaining other important etching criteria, 
such as etch rate and uniformity. One method for via 
etching in a dielectric material is illustrated in FIGURES 
2A through 2D. 

[0015] FIGURES 2A through 2D are partial elevation 
views of wafer 200 illustrating a method for via etching 
in OSG according to one embodiment of the present in- 
vention. Wafer 200 may include a substrate 202, a die- 
lectric layer 204, a buffer layjer 206, a metal layer 208, 
an etch stop Iayer21 0, and OSG Iayer21 2, a buffer layer 
214, and a photoresist layer 216. Wafer 200 may have 
less layers, more layers, or layers formed from different 
materials than described herein . Wafer 200 is only ex- 
ample of a semiconductor wafer having various layers. 
[0016] Substrate 200 may be formed from any suita- 
ble material used in semiconductor chip fabrication, 
such as silicon or germanium. Although not illustrated 
In FIGURE 2A, substrate 202 has any of various micro- 
electronic devices formed therein, such as transistors, 
diodes, resistors, and capacitors. Substrate 200 may be 
formed with any suitable thickness. 
[0017] Dielectric layer 204 comprises any suitable 
type of dielectric, such as oxide or nitride, and is formed 
using any suitable growth and/or deposition technique 
used in semiconductor processing. Dielectric layer 204 
is an optional layer, and in one embodiment, dielectric 
layer 204 electrically insulates the microelectronic de- 
vices formed in substrate 202 from metal layer 208. Di- 
electric layer 204 may also be used in forming a gate 
stack outwardly from substrate 202. Dielectric layer 204 
may be formed with any suitable thickness. 
[0018] Buffer layer 206 comprises any suitable type 
of dielectric, such as silicon nitride or silicon carbide, 
and is formed using any suitable growth and/or deposi- 
tion technique used in semiconductor processing. Buff- 
er layer 206, in one embodiment, is used as an etch stop 
for the etching of metal layer 208. Buffer layer 206 may 
be formed with any suitable thickness, but is typically 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 308 994 A2 



6 



between 300 and 1 000 angstroms. 
[0019] Metal layer 208 is formed from any suitable 
conductive material, such as copper or aluminum, and 
is formed using any suitable growth and/or deposition 
technique used in semiconductor processing. Metal lay- 
er 208 operates, in whole or in part, as a conductive path 
from one or more microelectronic devices formed in sub- 
strate 202 to other microelectronic devices formed in 
substrate 202. In one embodiment, metal layer 208 is 
formed with a thickness of approximately 5000 ang- 
stroms; however, other suitable thicknesses may be 
used. 

[0020] Etch stop layer 21 0 is formed from any suitable 
type of dielectric, such as silicon carbide or silicon ni- 
tride, and is formed using any suitable growth and/or 
deposition technique using semiconductor processing. 
As discussed in greater detail below, etch stop layer 21 0 
is used in the etching of OSG layer 212 to prevent over- 
etching, such that any metal from metal layer 208 will 
not diffuse into OSG layer 21 2 when etching a via. Etch 
stop layer 210 is typically formed with a thickness of ap- 
proximately 300 angstroms to 1000 angstroms; howev- 
er, other suitable thicknesses may be used. In one par- 
ticular embodiment, etch stop layer 210 is formed with 
a thickness of no more than approximately 500 ang- 
stroms. 

[0021] OSG layer 21 2, in one embodiment, is formed 
from Organo-Silica-Glass ("OSG"); however, other suit- 
able organic dielectric materials may be used for OSG 
layer 21 2. Typically, the type of dielectric material used 
for OSG layer 212 is a high-resistance low-K dielectric 
material. OSG layer 212 is preferably made of a low-K 
dielectric material because semiconductor manufactur- 
ers desire to reduce line resistance and line capacitance 
to speed up, for example, processor speed of a micro- 
processor. In one embodiment, OSG layer 21 2 is formed 
with a thickness of approximately 8000 angstroms to 
1 2000 angstroms; however, other suitable thicknesses 
may be used. 

[0022] Buffer layer 214 is similar to buffer layer 206 
and that is formed from any suitable dielectric material, 
such as silicon carbide or silicon nitride, and is formed 
using any suitable growth and/or deposition technique 
used in semiconductor processing: Again, buffer layer 
214 is used as an etch stop layer for the etching of a 
metal layer that is disposed outwardly from buffer layer 
21 4 (not shown). Buffer layer 21 4 is typically formed with 
a thickness of approximately 300 angstroms to 1000 
angstroms; however, other suitable thicknesses may be 
used. 

[0023] Photoresist layer 21 6 is formed by convention- 
al photolithography techniques. Any suitable photore- 
sist material may be used to form photoresist layer 21 6. 
Photoresist layer 216 includes one or more windows 
218, which is formed using any suitable photolitho- 
graphic techniques known in the art of semiconductor 
processing. Window 218 is where a via is to be formed 
in wafer 200, as discussed more fully below. 



[0024] Formation of a via in wafer 200 is described in 
detail below in conjunction with FIGURES 2B through 
2D with additional reference to FIGURE 1 . Although not 
illustrated in FIGURES 2B through 2D, the below de- 
5 scription refers to steps that occur when wafer 200 is 
positioned in plasma chamber 1 1 4 (FIGURE 1 ). Howev- 
er, the etching processes may take place in different 
processing chambers using one or more various etching 
techniques. 

10 [0025] FIGURE 2B illustrates an etching of a portion 
of buffer layer 214 and a first portion 220 of OSG layer 
212. This etching process may be performed using any 
suitable etching process; however, in one embodiment, 
a low-selectivity, low-polymerizing, main etch is per- 

'5 formed using reactive plasma 1 08 formed from an ion- 
ized gas mixture 110 that includes a fluorocarbon and 
nitrogen. Preferably, a majority, of OSG layer 212 is 
etched away using this relatively fast etching process. 
For example, if OSG layer 212 is approximately 8000 

20 angstroms thick, then the etching depth of first portion 
220 is approximately 7000 angstroms. However, OSG 
layer 212 may be etched down to any suitable depths 
using any suitable etching techniques. 
[0026] FIGURE 2C illustrates the etching of a second 

25 portion 222 of OSG layer 21 2 down to etch stop layer 
210 utilizing reactive plasma 1 08 that is formed from an 
ionized source gas mixture 1 1 0 that is different from the 
ionized source gas mixture 110 that is used for the main 
etch as described above in FIGURE 2B. The reason 

30 source gas mixture 110 is different for the two processes 
shown in FIGURES 2B and 2C is because the etching 
of the via is getting closer to the surface of metal layer 
208. Any over-etching should be avoided at this point in 
the via etching because diffusion of metal from metal 

35 layer 208 into OSG layer 21 2 may be devastating to one 
or more microelectronic devices fabricated in wafer 200. 
The etching of second portion 222 is performed for a 
predetermined time period, such as 30 to 90 seconds. 
However, other suitable time periods may be utilized. 

40 [0027] Source gas mixture 1 1 0 used to form reactive 
plasma 1 08, in one embodiment, comprises a fluorocar- 
bon, a noble gas, carbon monoxide, and nitrogen. In oth- 
er embodiments, oxygen is also added to source gas 
mixture 110. Preferably, a volumetric flow rate of the 

45 fluorocarbon, the noble gas, the carbon monoxide, and 
the nitrogen is such that a selectivity of the material in 
OSG layer 212 to the material in etch stop layer 210 is 
no less than approximately 15:1 . As examples, a volu- 
metric flow rate of the fluorocarbon may be between 2 

so and 20 seem, a volumetric flow rate of a noble gas is 
between 100 and 400 seem, a volumetric flow rate of 
the carbon monoxide is between 50 and 200 seem, a 
volumetric flow rate of nitrogen is between 90 and 250 
seem, and a volumetric flow rate of the oxygen, if 

55 present, is less than approximately 1 0 seem. In one em- 
bodiment where oxygen is a part of source gas mixture 
1 1 0, a carbon monoxide:oxygen volumetric flow rate ra- 
tio is approximately 20:1 . 
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[0028] Because OSG contains a CH 3 organic group, 
an increase in polymerization is obtained, which in- 
creases the amount of polymer formed through the etch 
process. This may result in etch stop if no nitrogen is 
used. Therefore, a relatively high volumetric flow rate of 
nitrogen is required to attack the CH 3 organic group of 
OSG so that etch stop may be prevented. As described 
above, in one embodiment, a sufficient volumetric flow 
rate of nitrogen is between 90 and 250 seem. A more 
advantageous volumetric flow rate of nitrogen is be- 
tween 95 and 180 seem, and a particular volumetric flow 
rate of nitrogen that has shown to give excellent results 
in attacking the CH 3 organic group of OSG is between 
1 00 and 1 1 0 seem. In another particular embodiment, a 
volumetric flow rate of nitrogen is sufficient to remove 
an ethyl group of the OSG at a rate that is at least as 
fast as the rate of removal of the silica group of the OSG. 
[0029] Depending upon the materials being etched 
and the process and quality parameters, the gases that 
make up source gas mixture 1 1 0 for etching second por- 
tion 222 are adjusted to obtain the desired results. An 
important result is that all vias are cleared while avoiding 
any over-etching into the metal of metal layer 208 to 
avoid any diffusion of the metal into OSG layer 21 2; this 
is why high selectivity is desired. The achievement of 
high selectivity allows etch stop layer 210 to be thinner, 
which improves the device or devices fabricated in wafer 
200 by reducing the RC time delay of the interconnects. 
To complete the formation of the via, etch stop layer 21 0 
must be removed. This is illustrated in FIGURE 2D. 
[0030] FIGURE 2D illustrates the removal of a portion 
of etch stop layer 210 to complete via formation. Any 
suitable well known etching techniques may be used to 
remove the portion of etch stop layer 21 0. One such well 
known technique is referred to as an e-stop etch, in 
which sidewalls 224 are formed using a suitable passi- 
vation technique before the portion of etch stop layer 
210 is removed with, for example, an argon bombard- 
ment 226. After removing the portion of etch stop layer 
210, wafer 200 is cleaned using any suitable cleaning 
techniques well known in the art of semiconductor 
processing. Thereafter, metal layer 208 may be inter- 
connected with a second metal layer 228 and a plug 230 
as illustrated in FIGURE 3. 

[0031] FIGURE 3 illustrates the interconnection of 
metal layer 208 with second metal layer 228 using plug 
230. Second metal layer 228 and plug 230 are prefera- 
bly formed from the same material as metal layer 210 
and is formed using any suitable growth and/or deposi- 
tion techniques used in semiconductor processing. Al- 
though not illustrated, further processing may be per- 
formed on wafer 200 outwardly from second metal layer 
228, such as the addition of other, metal layers so that 
other microelectronic devices formed in substrate may 
be interconnected. 

[0032] Although embodiments of the invention and 
their advantages are described in detail, a person skilled 
in the art could make various alterations, additions, and 



omissions without departing from the spirit and scope of 
the present invention as defined by the appended 
claims. 

5 

Claims 

1. A method for via etching in a dielectric material, 
comprising: 

10 

providing a wafer having a substrate, an etch 
stop layer disposed outwardly from the sub- 
strate, an Organo-Silica-Glass layer disposed 
outwardly from the etch stop layer, and a pho- 
15 toresist layer disposed outwardly from the Or- 

gano-Silica-Glass layer; 

positioning the wafer within a process chamber; 
introducing a first source gas mixture into the 
process chamber; 
20 etching a first portion of the Organo-Silica- 

Glass layer utilizing the first source gas mix- 
ture; 

introducing a second source gas mixture into 
the process chamber, the second source gas 
25 mixture comprising a fluorocarbon, a noble gas, 

. carbon monoxide, and nitrogen; and 
etching, for a predetermined time period, a sec- 
ond portion of the Organo-Silica-Glass layer 
down to the etch stofj! layer utilizing the second 
30 source gas mixture. 

2. The method of Claim 1 , wherein providing the wafer 
comprises providing a vyafer having an etch stop 
layer formed from a material selected from the 

35 group consisting of silicon carbide and silicon ni- 
tride, the etch stop layer being formed with a thick- 
ness of no more than approximately 500 angstroms. 

3. The method of Claim 2, wherein a volumetric flow 
40 rate of the fluorocarbon, the noble gas, the carbon 

monoxide, and the nitrogen is such that a selectivity 
of the Organo-Silica-Glass to the etch stop layer is 
no less than approximately 15-to-1. 

45 4. The method of Claim 1 or Claim 2, wherein intro- 
ducing the second source gas mixture into the proc- 
ess chamber comprises introducing a second 
source gas mixture into the process chamber, the 
second source gas mixture comprising a fluorocar- 
so bon, a noble gas, carbon monoxide, nitrogen, and 
oxygen. 

5. The method of any preceding claim, wherein a vol- 
umetric flow rate of the fluorocarbon is between 2 

55 and 20 seem. 

6. The method of any preceding claim, wherein a vol- 
umetric flow rate of the noble gas is between 100 
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45 4. 
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and 400 seem. 

7. The method of any preceding claim, wherein a vol- 
umetric flow rate of the carbon monoxide is between 
50 and 200 seem. 5 

8. 



9. 

10. A method for via etching in a dielectric material, 
comprising: 



1 1 . The method of Claim 1 0, wherein providing the wa- 
fer comprises providing a wafer having an etch stop 
layer formed from a materia! selected from the so 
group consisting of silicon carbide and silicon ni- 
tride, the etch stop layer being formed with a thick- 
ness of no more than approximately 500 angstroms. 

1 2. The method of Claim 1 0 or Claim 1 1 , wherein a vol- 55 
umetric flow rate of the fluorocarbon is between 2 
and 20 seem, a volumetric flow rate of the noble gas 

is between 1 00 and 400 seem, a volumetric flow rate 



of the carbon monoxide is between 50 and 200 se- 
em, and a volumetric flow rate of the oxygen is less 
than 1 0 seem. 

13. The method of Claim 10, Claim 11 or Claim 12, 
wherein the carbon monoxide:oxygen volumetric 
flow rate ratio is approximately 20:1 . 

1 4. The method of any of claims 1 0 to 1 3, wherein etch- 
ing, for the predetermined time period, the second 
portion of the Organo-Silica-Glass layer down to the 
etch stop layer utilizing the second source gas mix- 
ture comprises etching for a time period between 
30 and 90 seconds. 

15. The method of any of claim 10 to 14, wherein the 
volumetric flow rate of the nitrogen is between 1 00 
to 110 seem. 

16. A method for via etching in a dielectric material, 
comprising: 

providing a wafer having a substrate, a silicon 
carbide layer having a thickness of no more 
than approximately 500 angstroms disposed 
outwardly from the substrate, an Organo-Sili- 
ca-Glass layer disposed outwardly from the sil- 
icon carbide layer, and a photoresist layer dis- 
posed outwardly from the Organo-Silica-Glass 
layer; 

positioning the wafer within a process chamber; 
introducing a first source gas mixture into the 
process chamber; 

etching a first portion of the Organo-Silica- 
Glass layer utilizing the first source gas mix- 
ture; 

introducing a second source gas mixture into 
the process chamber, the second source gas 
mixture comprising a fluorocarbon, argon, car- 
bon monoxide, nitrogen, and oxygen; 
etching, for a time period between approxi- 
mately thirty and ninety seconds, a second por- 
tion of the Organo-Silica-Glass layer down to 
the silicon carbide layer utilizing the second 
source gas mixture, the second source gas 
mixture having a volumetric flow rate of the 
fluorocarbon of between 2 and 20 seem, a vol- 
umetric flow rate of the argon of between 100 
and 400 seem, a volumetric flow rate of the car- 
bon monoxide of between 50 and 200 seem, 
and a volumetric flow rate of the oxygen is less 
than 10 seem, and a volumetric flow rate of the 
nitrogen that is sufficient to remove an ethyl 
group of the Organo-Silica-Glass at a rate that 
is at least as fast as the rate of removal of a 
silica group of the Organo-Silica-Glass; 
etching the etch stop layer; and 
cleaning the wafer. 



The method of any of claims 4 to 7, wherein the vol- 
umetric flow rate of the nitrogen is between 90 and 
250 seem. 

The method of any of claims 4 to 9, wherein a vol- 
umetric flow rate of the oxygen is less than 1 0 seem. 



providing a wafer having a substrate, an etch 
stop layer disposed outwardly from the sub- 
strate, an Organo-Silica-Glass layer disposed 
outwardly from the etch stop layer, and a pho- 20 
toresist layer disposed outwardly from the Or- 
gano-Silica-Glass layer; 
positioning the wafer within a process chamber; 
introducing a first source gas mixture into the 
process chamber; 25 
etching a first portion of the Organo-Silica- 
Glass layer utilizing the first source gas mix- 
ture; 

introducing a second source gas mixture into 
the process chamber, the second source gas 30 
mixture comprising a fluorocarbon, a noble gas, 
carbon monoxide, nitrogen, and oxygen, a vol- 
umetric flow rate of the nitrogen being between 
90 and 250 seem for attacking an ethyl group 
of the Organo-Silica-Glass; 35 
etching, for a predetermined time period, a sec- 
ond portion of the Organo-Silica-Glass layer 
down to the etch stop layer utilizing the second 
source gas mixture, wherein a volumetric flow 
rate of the fluorocarbon, the noble gas, the car- 40 
bon monoxide, the nitrogen, and the oxygen is 
such that a selectivity of the Organo-Silica- 
Glass to Silicon Carbide is no less than approx- 
imately 15-to-1 ; 

removing the etch stop layer; and 45 
cleaning the wafer. 
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17. The method of Claim 16, wherein the carbon mon- 
oxide:oxygen volumetric flow rate ratio is approxi- 
mately 20:1. 

18. The method of Claim 16, wherein the volumetric 5 
flow rate of the nitrogen is between 90 and 250 se- 
em: 

19. The method of Claim 16, wherein the volumetric 
flow rate of the nitrogen is between 95 to 1 80 seem. 10 

20. The method of Claim 16, wherein the volumetric 
flow rate of the nitrogen is between 1 00 to 1 1 0 seem. 
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FIG. 2C 
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